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Introduction: Minimal hepatic encephalopathy (MHE) is a neu-
ropsychiatric complication of chronic liver disease, predomi-
nantly liver cirrhosis. Due to the lack of clear clinical symp-
toms, early diagnosis of MHE is difficult and relies mainly on
neuropsychological tests.
Aim: We studied the correlations between cognitive impair-
ment as measured by a Polish adaptation of the Wechsler
Adult Intelligence Scale (WAIS-R (PL)) and selected biochemi-
cal parameters such as prothrombin time (PT), ammonia con-
centration and brain metabolites detected by proton magnet-
ic resonance spectroscopy (H1MRS) in patients with liver
cirrhosis and controls.
Material and methods: Material and methods: Localized pro-
ton magnetic resonance spectroscopy was performed in 36 pa -
tients with chronic liver disease and 34 healthy volunteers
matched for age, gender and level of education. In each par-
ticipant laboratory and neuropsychological tests was per-
formed.
Results: The examined blood parameters of liver function were
similar in patients with and without MHE and were signifi-
cantly abnormal compared to the control group. Only in
patients with MHE did PT and ammonia concentration corre-
late with total WAIS-R (PL), verbal subscore of WAIS-R (PL) and
non-verbal subscore of WAIS-R (PL). Cirrhotic patients showed
a significant reduction of myo-inositol/creatine (Mi/Cr) and
myo-inositol/choline (Mi/Cho) ratios in the three studied brain
regions as compared to controls. Patients with MHE “+” had
Streszczenie
Wstęp: Minimalna encefalopatia wątrobowa (minimal hepatic
encephalopathy – MHE) jest neuropsychiatrycznym powikła-
niem przewlekłych chorób wątroby, szczególnie marskości. Ze
względu na brak wyraźnych objawów klinicznych rozpoznanie
MHE jest trudne i opiera się głównie na testach neuropsycho-
logicznych.
Cel: Badanie korelacji między zaburzeniami funkcji poznaw-
czych mierzonymi za pomocą polskiej adaptacji Skali Inteli-
gencji Wechslera (WAIS-R (PL)) a wybranymi parametrami bio-
 chemicznymi krwi, takimi jak czas protrombiny (prothrombin
time – PT), stężenie amoniaku, oraz stężeniem metabolitów
mózgu identyfikowanych za pomocą protonowej spektrosko-
pii rezonansu magnetycznego (proton magnetic resonance
spectroscopy – H1MRS) u pacjentów z MHE lub bez w porów-
naniu z grupą kontrolną.
Materiał i metody: Badanie protonowej spektroskopii rezo-
nansu magnetycznego przeprowadzono u 36 pacjentów
z przewlekłą chorobą wątroby i u 34 zdrowych ochotników
odpowiednio dobranych pod względem wieku, płci i poziomu
wykształcenia. U każdego uczestnika wykonano badania
laboratoryjne oraz testy neuropsychologiczne.
Wyniki: Wyniki badań biochemicznych oceniających czynność
wątroby były podobne u chorych na MHE i bez niej, jednak
różniły się istotnie w porównaniu z grupą kontrolną. Tylko
u pa cjentów z MHE PT i stężenia amoniaku korelowały z wy -
nikami testów WAIS-R (PL), zarówno werbalnych, jak i nie-
werbalnych. U pacjentów z marskością wątroby stwierdzono
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Introduction
Minimal hepatic encephalopathy (MHE) is a com-
mon neuropsychiatric disorder in patients with chronic
liver diseases without any neurological signs and symp-
toms during a bedside examination [1, 2]. In previously
published studies the diagnosis of MHE was usually
based on the results of different simple psychometric
tests, such as trail making test A and B, block design
test, digit symbol test and others [3-6]. This approach
seems to be responsible for the wide range of preva-
lence of MHE in different studies, from 35% to 84% [7].
It could also be responsible for the lack of data on bio-
logical markers of MHE. The Wechsler Adult Intelligence
Scale (WAIS-R) is a commonly accepted method used to
assess the premorbid cognitive abilities [8]. Significant
impairment in cognitive functions, especially in the non-
verbal domain of this test, allows one to differentiate
patients with and without cognitive dysfunctions. In
patients with liver cirrhosis the WAIS-R has been tested
only by a few authors [9, 10]. The studies showed that
patients with liver cirrhosis performed much worse on
the nonverbal part of this test than the controls. The
WAIS-R test has not previously been applied to differen-
tiate patients with chronic liver diseases with and with-
out MHE.
Aim
We studied the correlations between cognitive
impairment as measured by a Polish adaptation of
WAIS-R (WAIS-R (PL)) [11] and the blood markers of liver
function, and brain metabolites detected by proton
magnetic resonance spectroscopy (H1MRS) in patients
with liver cirrhosis and controls.
Material and methods
We included 36 patients with chronic liver disease,
i.e., alcoholic liver cirrhosis, primary biliary cirrhosis and
hemochromatosis, selected in the outpatient clinic of the
Department of Gastroenterology Hepatology and Infec-
tious Diseases, Jagiellonian University, Krakow, Poland.
Patients were diagnosed based on laboratory tests,
ultrasound examination or computed tomography of the
abdominal cavity, and in some cases by liver biopsy with
histopathological examination. Thirty-four healthy vol-
unteers matched for age, gender and level of education,
selected among the staff of the University Hospital and
families of the patients, served as controls. The local
Ethical Committee approved the study.
Each person participating in the study signed an
inform consent form prior to the study. 
In each patient and all subjects of the control group
the WAIS-R (PL) test was performed. Minimal hepatic
encephalopathy (MHE “+”) was diagnosed in cirrhotic
patients without any neurological signs and symptoms
whose WAIS-R (PL) test showed significant deficits of
premorbid cognitive abilities. Significant impairment was
defined as a difference between verbal and nonverbal
score of WAIS-R (PL) higher than 16 points (mean + one
standard deviation in the controls). 
At the time of neuropsychological testing the follow-
ing blood markers of liver function were studied using
standard laboratory techniques: alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), albumin,
bilirubin, prothrombin time (PT) and ammonia concen-
tration. The metabolic abnormalities in the brains of all
study participants were measured. Proton magnetic res-
onance spectroscopy (H1MRS) imaging was performed
on the 1.5 Magnetom Vision Plus (Siemens Erlangen,
Germany). Three voxels of 8 cm3 were positioned in: 
1) predominantly white matter in the posteromedial
parietal cortex, 2) predominantly gray matter in the 
posterior occipital cortex, 3) globus pallidus. The follow-
ing ratios were assessed: myo-inositol/creatine (Mi/Cr),
cho line/creatine (Cho/Cr), N-acetyl aspartate/creatine
(NAA/Cr), myo-inositol/choline (Mi/Cho), N-acetylaspar-
tate/choline (NAA/Cho). 
Statistical analysis
Data on quantitative characteristics are expressed
as means ± standard deviation (SD). Data on qualitative
characteristics are expressed as percentage values or
absolute numbers as indicated. Comparisons between
groups were made with the χ2 test (nominal data) or
Student’s t-test (interval data). A value of p below 0.05
was considered statistically significant.
significantly decreased ratio of NAA/Cr as compared to the
MHE “–” group in gray matter in the posterior occipital cortex.
Conclusions: Our study shows some brain metabolic distur-
bances typical only for MHE. The H1MRS can be helpful in the
diagnosis of this disease.
znaczące zmniejszenie stosunku myo-inositol/creatine (Mi/CR)
i myo-inositol/choline (Mi/Cho) w trzech badanych regionach
mózgu w porównaniu z grupą kontrolną. Pacjenci z MHE “+”
mieli znacząco zmniejszony stosunek N-acetyloasparginia-
nu/kreatyny (NAA/Cr) w porównaniu z grupą MHE “–” w sub-
stancji szarej kory mózgu w płacie potylicznym.
Wnioski: W badaniu wykazano zmiany stężeń metabolitów
mózgu typowych tylko dla MHE. Protonowa spektroskopia
rezonansu magnetycznego może być pomocna w rozpozna-
waniu tej jednostki chorobowej.
Przegląd Gastroenterologiczny 2013; 8 (2)
Brain metabolism alterations in liver cirrhosis 117
Parameter MHE “+” [A] MHE “–” [B] Controls [C] Value of p
Age, mean ± SD [years] 51.7 ±10.7 47.2 ±12.0 47.3 ±10.4 A vs. B = NS
A vs. C = NS
B vs. C = NS
Sex, n (%) (females) 7 (46.7) 7 (33.3) 15 (44.1) A vs. B = NS
A vs. C = NS
B vs. C = NS
Education, n (%) 13 (59.9) 8 (53.3) 18 (54.6) A vs. B = NS
(at least 12 years) A vs. C = NS
B vs. C = NS
Albumin [g/l] 36.6 ±7.2 38.2 ±6.4 43.3 ±6.1 A vs. B = NS
A vs. C = 0.004
B vs. C = 0.009
ALT [U/l] 58.5 ±48.9 66.4 ±51.4 28.6 ±10.8 A vs. B = NS
A vs. C = 0.008
B vs. C = 0.001
AST [U/l] 62.8 ±47.3 65.4 ±47.3 24.6 ±10.8 A vs. B = NS
A vs. C = 0.0003
B vs. C = 0.0001
Bilirubin [µmol/l] 20.6 ±17.4 37.2 ±75.5 11.1 ±5.5 A vs. B = NS
A vs. C = 0.01
B vs. C = 0.08
PT 1.3 ±0.4 1.2 ±0.2 1.0 ±0.1 A vs. B = NS
A vs. C = 0.002
B vs. C = 0.02
Ammonia [µmol/l] 62.1 ±58.2 55.7 ±21.5 31.6 ±17.0 A vs. B = NS
A vs. C = 0.02
B vs. C = 0.0001
Predominantly white matter in the posteromedial parietal cortex
Mi/Cr 0.111 ±0.036 0.123 ±0.044 0.291 ±0.109 A vs. B = NS
A vs. C = 0.0000001
B vs. C = 0.0000001
Ch/Cr 0.924 ±0.396 0.998 ±0.341 0.850 ±0.229 A vs. B = NS
A vs. C = NS
B vs. C = NS
NAA/Cr 1.414 ±0.589 1.594 ±0.619 1.479 ±0.464 A vs. B = NS
A vs. C = NS
B vs. C = NS
Mi/Cho 0.129 ±0.052 0.138 ±0.068 0.361 ±0.145 A vs. B = NS
A vs. C = 0.000002
B vs. C = 0.0000001
NAA/Cho 1.566 ±0.479 1.635 ±0.478 1.808 ±0.630 A vs. B = NS
A vs. C = NS
B vs. C = NS
Predominantly gray matter in the posterior occipital cortex
Mi/Cr 0.106 ±0.031 0.136 ±0.052 0.303 ±0.111 A vs. B = NS 
A vs. C = 0.000002
B vs. C = 000001
Ch/Cr 0.869 ±0.242 0.979 ±0.240 0.945 ±0.190 A vs. B = NS
A vs. C = NS
B vs. C = NS
Table I. Demographic data, blood markers of liver dysfunction and brain metabolite concentrations in pa -
tients with MHE, without MHE and in the control group
Tabela I. Dane demograficzne, parametry biochemiczne czynności wątroby oraz metabolity mózgu u pacjen-
tów z MHE, bez MHE i z grupy kontrolnej 
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Results
Minimal hepatic encephalopathy was diagnosed in
15 out of 36 patients with liver cirrhosis (41.7%). The
studied blood parameters of liver function were similar
in patients with and without MHE and were significant-
ly abnormal as compared to controls (Table I). 
Only in patients with MHE “+” did PT and ammonia
concentration correlate significantly with the WAIS-R
(PL) total score (PT vs. WAIS-R (PL) total: r = –0.72, p < 0.05
and ammonia concentration vs. WAIS-R (PL) total: 
r = –0.72, p < 0.05). 
In this group of patients PT and ammonia concentra -
tion also correlated both with verbal subscore of WAIS-R
(PL) (PT vs. verbal subscore of WAIS-R (PL): r = –0.68, 
p < 0.05 and ammonia concentration vs. verbal subscore
of WAIS (PL): r = –0.67, p < 0.05) and non-verbal sub-
score of WAIS-R (PL): (PT vs. non-verbal subscore of
WAIS-R (PL): r = –0.71, p < 0.05 and ammonia concen-
tration vs. non-verbal subscore of WAIS-R (PL): r = –0.72,
p < 0.05). 
MHE “+” and MHE “–” groups showed a significant
reduction of Mi/Cr and Mi/Cho ratios in the three stud-
ied brain regions as compared to controls. The MHE “+”
group had a significantly decreased ratio of NAA/Cr
compared to the MHE “–” group in gray matter in the
posterior occipital cortex (Table I).
Discussion
This study shows that 41.7% of patients with chron-
ic liver disease suffer from a significant deficit of pre-
morbid cognitive abilities assessed by means of WAIS-R
(PL). Our approach to diagnosing MHE, although time
consuming (the session of neuropsychological testing
lasted about 2 h) allowed us to study in detail cognitive
functions in this group of patients. We were also able to
find some brain metabolic disturbances typical only for
MHE “+”, but not for cognitively intact cirrhotic patients
(MHE “–”). Patients with MHE “+” compared to MHE 
“–” show a lower NAA/Cr ratio in gray matter in the pos-
terior occipital cortex, suggesting greater neuronal dys-
function in the first group [10]. What is more, only 
MHE “+” patients presented with significant correla-
tions between cognitive deficit and some blood markers
of liver dysfunction. 
Our study confirmed previous data showing a de -
crease of Mi/Cr and Mi/Cho ratios in patients with liver
Parameter MHE “+” [A] MHE “–” [B] Controls [C] Value of p
NAA/Cr 1.276 ±0.405 1.687 ±0.475 1.626 ±0.648 A vs. B = 0.02
A vs. C = NS
B vs. C = NS
Mi/Cho 0.129 ±0.042 0.151 ±0.087 0.399 ±0.162 A vs. B = NS
A vs. C = 0.0002
B vs. C = 0.00009
NAA/Cho 1.558 ±0.712 1.737 ±0.333 1.726 ±0.593 A vs. B = NS
A vs. C = NS
B vs. C = NS
Globus pallidus
Mi/Cr 0.116 ±0.032 0.116 ±0.037 0.295 ±0.097 A vs. B = NS
A vs. C = 0.0002
B vs. C = 0.00002
Ch/Cr 0.890 ±0.266 0.860 ±0.184 0.961 ±0.353 A vs. B = NS 
A vs. C = NS
B vs. C = NS
NAA/Cr 1.427 ±0.660 1.356 ±0.302 1.600 ±0.540 A vs. B = NS
A vs. C = NS
B vs. C = NS
Mi/Cho 0.140 ±0.059 0.138 ±0.047 0.340 ±0.148 A vs. B = NS
A vs. C = 0.003
B vs. C = 0.0005
NAA/Cho 1.597 ±0.771 1.590 ±0.214 1.759 ±0.673 A vs. B = NS
A vs. C = NS
B vs. C = NS
Table I. Cont.
Tabela I. Cd.
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cirrhosis as compared to controls [12-17]. In astrocytes
myo-inositol acts as an organic osmolyte, and is
released from the cells in response to osmotic cell
swelling [18]. Interestingly, in our study this decrease
was found not only in cirrhotic patients with a premor-
bid spectrum of cognitive deficits but also in cirrhotic
patients with normal WAIS-R (PL) test results. 
In our study only patients with MHE “+” show sig-
nificant correlations between blood ammonia concen-
tration or PT and WAIS-R (PL) score. Such correlations
were not found in MHE “–” patients and in controls. This
indicates that ammonia concentration and PT could be
good markers of cognitive impairment, but only in pa -
tients with MHE “+”. 
According to neuropathological examinations, he -
patic encephalopathy is related mainly to the changes in
morphology and function of glial cells, which might sug-
gest that it is a primary gliopathy [19]. Neuron degener-
ation and dysfunction is a process occurring later, sec-
ondary to the astrocytes lesion. Correlations between
blood markers of liver function and the results of psy-
chometric tests in patients with MHE have been found
previously only by a few authors. For example, Tarter 
et al. reported the correlation between PT or albumin
levels and the results of psychometric tests in nonalco-
holic cirrhotic patients. They did not, however, differen-
tiate patients with and without MHE [20].
Conclusions
Our study shows that patients with liver cirrhosis
present with a decreased ratio of Mi/Cr and Mi/Cho as
compared to controls. Patients with liver cirrhosis and
minimal hepatic encephalopathy have a decreased
NAA/Cr ratio as compared to cirrhotic patients with nor-
mal cognitive abilities. H1MRS can be helpful in diagno-
sis of MHE.
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